Abstract: Fixed wing UAV autonomous landing guidance system needs high precision, fast tracking speed. This paper designs and built a set of Ground-based visual guidance system, which first introduces the visual landing guidance system principle, composition, analysis of the mathematical model and error analysis of the system; The Adaboost algorithm is applied to the recognition of UAV, where UAV samples and non-UAV are chosen for training cascade classifie. After the recognition of UAV, the UAV tracking system based on vision is designed. Finally, the reliability, tracking speed and precision of the system are verified by field experiments. The experimental results show that the designed landing guidance system could meet the requirements of the precise autonomous landing of a fixed wing UAV.
Introduction
Automatic landing is the most dangerous and demanding process of the fixed wing UAV flight [1] . At present, the GPS navigation system based UAV landing is generally utilized. Although the accuracy is high and the realization is simple, the signal is easy to be interfered by the radio signal and can be easily lost [2] . The rapid development of visual navigation technology provides a new method to solve this problem. Visual navigation using visual sensors to obtain images, the navigation and position parameters of the UAV are obtained by image processing [3] . Vision sensor has the advantages of good at capturing motion information, portability, low power consumption, small size, etc., and the visual sensor is a passive sensor with anti jamming performance, good accuracy and low cost . It has become a kind of international development trend to use it to finish the exact landing of unmanned aerial vehicles. However, at present, the mostly application of vision guidance scheme on the UAV, not only increases the weight of the UAV, but also has insufficient image process because of the load limited, so it is very difficult to meet the characteristics of the fixed wing UAV with high speed and accuracy requirements. Against this background, this paper designs a novel set of ground-based visual landing guidance system, the main idea in this paper is to enlarge the navigation range during the landing progress and detect the fixed-wing UAV as early as possible. On each side of the runway, we fix independent vision unit which can separately search the skies above the runway. Once the aircraft is detected, two units can cooperate with each other to estimate the relative position between the UAV and runway. In order to better identify the UAV, we use the Adaboost algorithm to detect UAV, and achieved good results.Finally the accuracy, real time capability and reliability of the system are verified by experiments.
Principle of visual navigation

Visual landing guidance system
In this paper, the visual landing guidance system is composed of two image tracking systems as shown in Figure 1 . The image tracking system consists of two cameras and pan-tilt units (PTU) that mounted separately on both sides of the runway, which can achieve longrange detection and cover wide field of regard. In this system, computer vision is adopted for UAV detection and tracking. To be more specific, triangulation, a geometric method in binocular vision, is employed to calculate the 3D coordinates of the UAV in order to provide landing guidance parameters and finally achieve autonomous UAV landing. 
Model analysis
We assume that the world coordinate system is located on the origin of the left camera coordinate system whose Y -axis is along the runway, X -axis is perpendicular to the runway. Figure 2 
Error analysis of the system
The accuracy of the measurement z  can be given bythe following formula
Where z is the absolute distance between the UAV and the visual guidance system， f is the focal length of the camera， D is the base line， d  is parallax accuracy of measurement points.
In order to get higher accuracy, the focal length of the camera and the baseline length should be increased .At the same time, it should be possible to make the object as close to the visual guidance system as possible.
Target recognition based on Adaboost algorithm
Adaboost is an abbreviation for "Boosting Adaptive", proposed by Freund Robert and Schapire Yoav, which is a machine learning method [4] . Adaboost is an iterative algorithm, the core idea of which is to train different classifiers (weak classifiers) for the same training set, and then put these weak classifiers together, constitute a stronger final classifier (strong classifier) [5] . In this paper, the Haar features are used as the training feature of the UAV training samples, and the identification of the UAV is realized by cascading classifier.
Selection of training samples
To begin with, besides the performance of the chosen Adaboost algorithm, the selection of training samples also play an important role in the training process and the performance of the system.In order to ensure the smooth progress of the training as well as the classification performance of the system, we must collect enough UAV samples (also called positive samples) and non-UAV samples (called negative samples).
1）Selection of UAV samples Because of the complex background of the runway and the attitude of the UAV, in order to achieve better detection performance, the diversity of the positive sample should be taken into consideration in the selection, which means the positive samples should cover the UAV images under different conditions .In a certain detection target, training images should cover different illumination, different attitude, different background or the existence of a certain block, etc., in order to improve the robustness of the training of the classifier. Figure 3 shows the object of our training, is a conventional aerodynamic wing with dihedral angle of uav, which has been tested many times in the field. So we could get 1042 positive training samples from the previous flight video. These samples have a variety of images, covering different weather, different background conditions and different flight attitude, the BMP file format, size of 24 24  , figure 3 shows a part of the training samples.
2）Selection of non-UAV samples The selection of the negative samples of the non-UAV is equally important to the selection of the positive samples, which directly determines the training time of the system. The principle of negative samples selection is: to select the non-UAV samples which is similar to the UAV as far as possible, and there is a big difference between different samples, this could speed up the collection process of negative samples. According to the above principle, we have cut 2035 BMP negative sample images by hand, with sizeof 24 24  ，Figure 4 gives part of the samples. 
Training cascade classifie and identification results
Using the Adaboost algorithm to construct a cascade classifier, we set each level of strong classifier using 1042 UAV positive sample images, 2035 non -UAV negative sample images, each layer of the minimum detection rate of 0.995, the maximum error rate of 0.5. The training process of the cascade classifier is shown in Figure 5 .
Where f is the false detection rate of the current strong classifier, max f is the target of the false detection rate. n for the strong classifier number, N is the number of layers of the cascade.
In the end, we use the trained classifier to test the UAV images in the real scene, and identification results are shown in Figure 7 and figure 8. It can be seen that the cascaded classifier can accurately identify the different environment, different attitude of the UAV. The time required to process a frame image is about 32ms, which meets the need of a precise landing of a fixed wing UAV. 
UAV tracking based on vision
The image model can be processed by linear points [6] , as shown in Figure 6 , 0 uO v is the image plane, 1 xO y is a physical unit of the image coordinate system, the left and right optical center can be expressed as l O and r O respectively. The optical axis of the camera through the center of the image plane. After using the visual processing algorithm to obtain the contour of the UAV, the position of the UAV in the image can be represented by the centroid of the contour. x y , rotational pan and tilt angle should be calculed, so that the UAV is located in the center of the image to achieve the purpose of tracking UAV. We calculate pixel deviation compensation on the left side by [7] 
where f is the focus. The tilt angle 2 l  and tilt angel 2 l  can be directly obtained from the PTU.Then the tilt and pan angle on the left side can be detailed as:
For the other side, we could also calculate the angle in the same way. Then the position information of the UAV relative to the landing point can be obtained according to the solution formula described in section 1.2.
Experimental results and analysis
The experiment subject is a conventional aerodynamic oil driven UAV -"flying" with a wingspan of 3.6 meters, weight of 8kg, the maximum load of 16kg, as shown in Figure 3 Airborne equipment including digital airspeed meter, 900MHZ digital Xbee, and positioning accuracy of centimeter level, can output 10Hz position information of the Canadian Novatel OEM617 board. The visual guidance system platform using high-precision PTU-D47 platform of American FILR company, choose Daheng image of MER-125-30UM camera. The lens of the vision system we adopted is 100mm, and the baseline is 10m. Process of experiment： 1) Use DGPS to guide the UAV to take off automatically at a height of 40m with the 21m/s cruise speed, and gradually to guide the UAV to the visual navigation system's capture range. 2）Once the aircraft is detected and tracked, the flight control system use the information of visual landing guidance system automatically. 3）Use the vision landing guidance system to guide the aircraft into the near and landing. 4） Completely use DGPS to complete the above three processes for comparison.
Based on the above experimental conditions, the height error and cross-track distance are the scale of the UAV flight tracking performance along the expected path, meanwhile, also a measure of the accuracy and feasibility of the landing guidance system. Figure 9 shows a comparison of height, height error and cross-track distance between the vision landing guidance system and the DGPS guidance system. From figure 9, we can see that in the whole of the near landing stage, the height error of DGPS guided is very fast from 2.4 to 0.5m, and the cross-track distance from 1.4m to 0.5m. While, the height error of the visual guidance alone can quickly converge to 0.5m from 3.8m, and the cross-track distance is from 3.2m to 1m；With the decrease of the distance between the UAV and the vision landing guidance system, the deviation of the visual guidance is gradually reduced. The experimental results show that the vision landing system could guide the fixed wing UAV safely and accurately.
Summary
In this paper, a ground-based visual landing guidance system is designed and built for the fixed wing UAV. The Adaboost algorithm is applied to the recognition of UAV, and a cascade classifier is trained with a precise identification of UAV. In the end, the performance of the vision guided system is verified by the test flight experiments. The results show that the system can meet the requirements of the automatic landing speed and precision of the fixed wing UAV.
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